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In recent years, complex and high-performance mobile electronic devices such as smart phones and tablet PCs have been spreading widely. However, the power density of these devices has become 4 transient electronic devices to reveal the effects of power level and designs of heat sinks [14] . 74 Mahmoud et al. experimentally investigated the effects of heat sink configuration, power level, and 75 PCM type for PCM based heat sinks [15] . Qu et al. studied the heat sink with copper metal foam-76 paraffin composite [16] . Passive cooling system using PCM for high-powered Li-ion battery package 77 was investigated by Kizilel et al. [17] and Li et al. [18] . As shown above, almost all studies focused 78 on relatively large size devices such as heat sinks and Li-ion battery packages, and there are few 79 research works to verify the applicability of PCMs to mobile devices. 80 In order to apply PCMs to mobile devices, it is necessary to seal PCMs to prevent melted PCMs composites have been also studied by some researchers [23] [24] [25] [26] [27] [28] [29] . However, the understanding of 92 thermophysical properties of MPCM composites is not sufficient. This means that it is difficult to 93 obtain optimal conditions for thermal control using PCMs by numerical simulation. 94 In this study, the authors fabricate an experimental system simulating a mobile smart phone. The 95 system contains substrate, heater, case, and sheets made of MPCM/polyethylene composite. Both 96 experimental and numerical investigations are conducted to verify the applicability of PCMs to the 97 thermal management of mobile devices. First, experiments to clarify the mass effect of PCM sheet on 98 the temperature change are carried out using the experimental system. Afterwards, experiments to 99 investigate the effects of latent heat, thermal conductivity, and configuration of the PCM sheets on 100 the temperature change are also carried out. Moreover, a copper sheet, as a high thermal conductivity 101 material, is incorporated in the experimental system and the effect of a copper sheet on the phase 102 change of the PCM sheet is revealed. Finally, numerical simulations to estimate the thermophysical 103 properties of the MPCM/polyethylene composite are conducted using finite element method (FEM). Fig. 1(a) , since the MPCM is in powder form, the MPCM is ordinary used as master batches made by 114 combining 50wt% polyethylene and 50wt% MPCM, shown in Fig. 1(b) . 115 Figure 2 shows a metal mold used to make the PCM sheets. First, the mold is put on a hot plate 116 and heated up to 150°C. After that, the MPCM master batch is put into the mold and a stainless steel 117 plate is set on the master batch with 40 N load. Finally the PCM sheet can be obtain after cooling the 118 mold. In this procedure, three different types of the mass of PCM sheets are prepared. Figure 3   119 shows a photo of the PCM sheet. The size and mass of the PCM sheets are shown in Table 2 . respectively. The PCM sheet is put on a rubber heater and they are also put on a heat insulator 125 covered by the case. T-type thermocouples are used to measure the temperature. Three 126 thermocouples are attached to the heater, the PCM sheet, and the case as shown in Fig. 4(b) . The To determine the maximum temperature and the saturation time, noise of the measurement is 145 reduced as follows. The following fitting function of increasing rate is shown clearly, which indicates the effect of the PCM. Moreover, the temperature 161 rise rates with the PCM sheet are slower than that without the PCM sheet. Namely, the PCM sheets 162 lead to the delay effect due to their latent heat.
163
The PCM sheets increase the temperature rise of the heater as shown in Fig. 6(a) . On the other 
272 where ρ, p c , k and φ are the density, the specific heat, the thermal conductivity, and the volume (2) The latent heat of the PCM has a larger effect on the saturation time than the sensible heat.
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(3) Since the thermal conductivity of the PCM sheet is higher than that of the PE sheet, the PCM 319 sheet leads to higher temperature rise of the heater than the PE sheet, and also leads to lower 320 temperature rise of the surface of the case than the PE sheet.
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(4) The thickness of the PCM sheet has a large effect on the saturation time. Table 3 : Physical properties used in the simulation.
453 Table 4 : Estimated physical properties of PCM sheet. 
